The question of the significance of the cere brovascular effects of stressful situations in animals is still controversial. In the present article, an experimental model of immobilization stress in the rabbit is described, and its specificity in relation to arterial blood pressure and Paco2 is investigated. CBF was measured with the multiregional tissue sampling technique using [14C]_ ethanol as tracer. After dissipation of althesin anesthesia, the stress reaction was elicited by tactile abdominal stimuli. The response was evidenced by an instantaneous acute hypertension (+ 33.8% during the CBF measure ment period). Within the first minute of the reaction, the CBF was significantly increased in all nine struc tures studied by 39% (caudate nucleus) to 82% (parietoIncreasing interest is being taken in experimental models of stress. The main reasons are probably that these models seem equivalent to specific situ ations in humans (e. g. , Bevan et aI. , 1969), and that they represent a model for studying the mechanisms involved in the control of the cerebral circulation that is less extreme than seizures or ischemia.
Increasing interest is being taken in experimental models of stress. The main reasons are probably that these models seem equivalent to specific situ ations in humans (e. g. , Bevan et aI. , 1969) , and that they represent a model for studying the mechanisms involved in the control of the cerebral circulation that is less extreme than seizures or ischemia.
In humans the question of the influence of marked apprehension or anxiety on CBF and me tabolism was raised by Kety (1950) , King et al. (1952) , Sokoloff (1969) , and later Ingvar et al. (1976) . These authors observed increases in CBF and cerebral metabolism of 10-20%. In animals, the cerebrovascular concomitants of stressful situa tions have been studied mainly by two groups working on the rat, but their research had led to discrepant results. Carlsson et al. (1975 Carlsson et al. ( , 1977 first described large increases in metabolism and CBF caused by immobilization stress in curarized rats.
temporal cortex). The study of the influence of arterial blood pressure and the Paco2 on CBF showed that cere brovascular autoregulation and CO2 sensitivity were dif ferently affected in the various structures during the stress reaction. However, the stress response of the brain circulation could not be entirely ascribed to one or both of these two systemic factors, thus suggesting the con tribution of a local intrinsic activation. The model pre sented here could be useful for long-term studies of cerebrovascular repercussions of repeated acute hyper tensions of a stressful nature. Key Words: Acute hyper tension under stress-C02 sensitivity under stress-Im mobilization stress-Regional cerebral blood flow.
To the contrary, Ohata et al. (1981) found in the same species that immobilization stress diminished CBF in the spontaneously breathing animal. This controversy raised the question of the usefulness of such an experimental model in the rat. In explaining their results, the latter authors claimed that the hy perventilation-induced hypocapnia could entirely account for the flow changes reported. Accordingly, the true significance of the cerebrovascular effects of the stress have to be clarified with respect to the influence of systemic factors such as Paco2'
We have devised a similar experimental model in the rabbit, and report herein the quantitative vas cular response observed in various brain structures during the stress reaction of this animal. We have especially evaluated whether the circulatory re sponse can be ascribed to Paco2 changes, as as sumed by Ohata et al. (1981) . Furthermore, since an acute hypertension occurs during the stress reac tion of the rabbit, we have also evaluated the influ ence of the arterial blood pressure by determining whether autoregulation of regional CBF (rCBF) is maintained under stress in this species, as it is in the rat (Ohata et aI. , 1982) .
The present study thus proposes a model of im mobilization stress with obvious cerebrovascular repercussions, and, by analysis of the influence of the changes in systemic factors, the specificity of the cerebrovascular response to stress is demon strated.
METHODS

Measurement of CBF
CBF was measured according to the Fick principle (Reivich et aI., 1969; Sakurada et aI., 1978 ) using [14Clethanol as tracer (Eklbf et aI., 1974 and the direct tissue sampling technique applied to the rabbit and pre viously extensively tested (Lacombe et aI., 1979) .
A 1% solution of [14Clethanol (60 mCi mol-I) in saline, containing 30 /LCi, was intravenously infused at a con stant rate for 30 s. Simultaneously, arterial samples were collected during 1 s every 3 s, using a special collector described previously (Lacombe et aI., 1979) . At the end of the perfusion (time T), the animal was instantly decap itated and its head placed in liquid nitrogen ( -196°C) .
The CBF values were calculated using the arterial con tamination curve, Ca(t), the brain concentration of the tracer reached at time T, Ci(T), and the tissue-blood par tition coefficient, A. These data were used in the inte grated Fick equation:
where the rCBF per unit mass of tissue was Fj = AKj• In the present study, the arterial contamination curve used to calculate the flow values was prolonged to T + !:1t, where !:1t was the time lag due to the sampling system. This precaution avoided one of the most important causes of error (overestimation) inherent in the tissue equilibra tion technique (Lacombe et at., 1979 (Lacombe et at., , 1980 Pat lak et aI., 1984) . C/T) was determined in brain samples carefully dis sected in a cryostat at -10°C. By sampling frozen tissue, the diffusion after time T was reduced to a negligible amount. We have verified that under these conditions no significant evaporation of [14Clethanol occurred at any stage of the procedure (Lacombe et aI., 1979) .
The radioactivity of the blood and brain samples was measured in a liquid scintillation counter (lntertechnique model SL 3000) after chemical digestion of the tissue.
The partition coefficient for the rabbit brain was eval uated in separate experiments, both in vivo according to the usual protocol (Eklbf et aI., 1974) and in vitro on incubated slices of brain. A mean value of 0.80 was de termined for the brain samples considered in the present study.
Preparation of animals
Male New Zealand rabbits weighing 2.1-2.8 kg were anesthetized with althesin (CT 1341; Glaxo), a steroid agent with short-lasting action, used in a twofold dilution (6 mg ml-I). Anesthesia was induced with 3-3.5 mg kg-I injected through the marginal ear vein, and then main tained by a perfusion of � 30 mg kg -I h -I during the sur gical procedure.
The animal was tracheotomized, curarized (Flaxedil, 5 mg kg-Ih -I), and artificially ventilated (Braun-50 respi rator) with air supplemented with 5-10% oxygen. The respiratory frequency was established at 50 strokes/min, and the ventilation pressure was monitored. The femoral vessels were catheterized: one vein for the tracer injec tion and two arteries for the arterial pressure recording (P 23 ID Statham transducer) and for the serial arterial sampling required to measure the CBF. The tissues around the incision were infiltrated with 2% lidocaine and protected by cotton wool soaked in physiological saline. During the surgical procedure, the depth of anesthesia was qualitatively estimated by an EEG recording (Bimar and Lepouleuf, 1973) and by the stability of the arterial pressure. The althesin perfusion was stopped after the completion of surgery, and the animal was left undis turbed.
Blood gases and pH were regularly measured by an ABL-2 analyzer (Radiometer). The last sample was drawn just before the CBF measurement. The animals were heparinized with 400 1 U kg -I from a lO-mg ml-I solution of lyophilized heparin (Choay). The rectal tem perature was also monitored throughout the experiment and adjusted with a heating pad.
At the end of the dissipation period of althesin anes thesia, i.e., �30 min after ceasing the perfusion, the stress reaction was generally evoked by light abdominal tactile stimulations. It was evidenced by both an acute hypertension and an EEG arousal. The tactile stimulation was then continued to sustain the pressor reaction and thereby make it more reproducible from one animal to another. In a few cases, a stress reaction occurred spon taneously. It was then maintained by applying the usual stimulation. When, in response to a first stimulation, only a negligible or a weak unsustained hypertension ap peared, the stimulation was interrupted and the animal was left undisturbed for �5 min more before a second trial was made. In the control resting group, the CBF measurement was performed before the end of anesthetic dissipation.
Experimental groups
A total of 50 rabbits was used, divided into four groups: (a) A control group of 16 rabbits under resting physiolog ical conditions, with light residual anesthesia. (b) A group of 17 rabbits in which the stress reaction was elicited. Among them, a group of 14 animals had a typical reaction with a hypertension exceeding + 15 mm Hg. The three others with a lesser hypertension were used only for the study of the relationship between the flow and the arterial pressure. (c) A group of 9 rabbits that were hyperventi lated to induce moderate hypocapnia during the stress reaction (Paco2 values 17% lower than in the normocapnic stress group). (d) A complementary group of 8 rabbits that received additional CO, in the respiratory gas mix ture to induce a moderate hypercapnia (Paco2 values 31% higher than in the normocapnic stress group).
RESULTS
Physiological variables
The physiological data obtained at the time of the CBF measurement for the different experimental groups are shown in Table 1 . The significant differ ences in these values observed between the three stress groups and the control group or between the different stress groups are indicated. Values are means ± SEM for the number of animals (n) indicated. Analysis of differences by one-way analysis of variance (at p = 0.05 level) and modified t test (Wallenstein et aI., 1980) . The % increases in MABP between groups 2, 3, and 4 are not statistically different.
" Differs from control (p < 0.05). b Differs from normocapnic stress reaction (p < 0.05).
In the experimental conditions used (artificial res piration), the stress reaction did not significantly change the systemic parameters measured, except the arterial pressure. In the stress groups, it can be seen that MABP values were somewhat lower in the two groups with modified PaCO Z both before and during the stress reaction. As a result, the systemic pressor responses (difference between prestress baseline and stress level) were not statistically dif ferent (one-way analysis of variance).
Postanesthesia recovery periods and the dose of anesthetic infused are shown (Table 1 ). There is no significant difference between the groups, but the slight differences observed between the recovery periods should be considered in relation to the cor responding dose of anesthetic. Accordingly, the control resting group with 31.1 mg kg -I h -I althesin followed by 25.7 min of dissipation was still under light anesthesia compared with the normocapnic stress group with 30.1 mg kg-1 h-1 and 31.8 min, respectively. The exact value of the recovery time is undoubtedly influenced by the arbitrary com mencement of the stimulation.
Description of the stress reaction Figure 1 shows an example of stress reaction of the rabbit. The MABP generally reached its max imum level after a few seconds, then tended to de crease progressively over the next few minutes (checked in a number of cases in which the CBF was not measured), while a clear-cut instability of the pressure was noted during the whole period of hypertension. The mean peak value of MABP ob tained at the beginning of the hypertensive period was 138.5 ± 3.6 mm Hg, i. e., a 52% increase com pared with the preceding baseline level, whereas during the measurement period it leveled off at a mean of 33.8% above the baseline (see Ta ble 1), ranging from 15 to 62%.
A study of the dynamic aspects of the cerebro vascular and systemic components of the stress reaction is reported elsewhere (Pinard and Seylaz, 1982; Pinard et aI. , in preparation) .
' , i , .il!Ill'lvl l�" "!�i,�!v/"" �irifW' ll�Mill, ,"! The MABP considered to correspond to the CBF value was the median value between to and T.
The CBF measurement was performed within the first minute of the reaction, at 28.9 ± 4. I s (mean ± SEM), after the beginning of the hypertension (time ts-to in Fig. 1) ; this latency ranged from 5 to 55 s, but was not correlated with the magnitude of the response.
Blood flow level and distribution during the stress reaction Figure 2A shows the absolute blood flow values found during the stress reaction in the various brain structures considered, and Fig. 2B shows the flow increases expressed as a percentage of the values of the control resting group.
The heterogeneity of the flow distribution was enhanced during the stress reaction compared with resting conditions, the highest values reaching 140-160 ml 100 g -I min -I in the cortical areas. The largest flow changes were observed in these cortical areas (around + 80%), followed by the cerebellum ( + 68%), despite the fact that the tissue sample from this structure consisted of both gray and white matter. The flow increases in the other structures ranged from 39 to 58%. It is noteworthy that the few cases of stress reac tion that occurred spontaneously resembled the evoked reaction in all aspects.
The variability of the absolute flow values ob tained during the stress reaction (expressed by the coefficient of variability, i. e. , SD%) was between 8.5 and 15 .5% in most structures except the colliculi (20.5%), which is similar to the range observed in the control group (8-1 3%).
Relationship between the stress-induced flow increase and MABP Because the stress reaction of the rabbit was as sociated with an acute hypertension, we first inves tigated the influence of the arterial blood pressure on the vascular response in the brain. This study was performed using two different procedures. Absolute values of regional cere bral blood flow (rCBF) under nor mocapnic conditions in control (n = 16; dotted line in columns) and in stressed rabbits (n = 14; full line at top of columns). B: Percentage flow changes during the stress reaction compared with control. ant. , anterior, mid., middle, post. , posterior cortex; caud. , caudate nucleus; thaI. , thalamus; hpthal. , hypothalamus; cblum., cerebel lum; coli. , colliculi (inferior plus su perior); R. F. , reticular formation (mesencephalic plus pontine).
?f. control value) and the percentage arterial pressure increase (during the stress reaction compared with before), or the absolute rCBF values and the ab solute arterial pressure values. This evaluation was made on a group of 17 rabbits comprising, in addi tion to the 14 stressed reference rabbits, 3 others for which the arterial pressure increase was weaker, between 5 and 15%. In this analysis we used the median arterial pressure value measured during the 30 s of CBF measurement.
rCBF plotted against arterial pressure in terms of percentage changes. Figure 3A shows the regres sion lines calculated between rCBF and arterial pressure. A significant correlation was found for all the brain structures, the correlation coefficient ranging from 0.7 to 0.9 for six of the seven. A dis tinctly lower value, 0.50, was observed for the cau date nucleus. Except for this last structure, the two variables appeared to be tightly linked.
The intercepts for arterial pressure changes ex trapolated to 0 were in all cases positive. Five values ranged between 22 and 29%, and two were lower: 17 and 8% for the thalamus and reticular formation, respectively. hpthal.
coil.
caud. *
80
and arterial pressure, shown in Fig. 3B , apparently differs from the preceding one principally by the fact that the values of r are more varied, being even not significant in two cases, the caudate nucleus (r = 0.45) and the cerebellum (r = 0.46). A significant correlation was found for the cortex, the colliculi, the thalamus, and the reticular formation, in de creasing order (r = 0.61-0.81).
Thus, during the stress reaction, a certain depen dence of the flow on the arterial pressure was ob served in the brain, with a specific regional pattern. Some structures seem to resist the acute hyperten sion better than others.
Relationship between the stress-induced flow increase and the P aco2
The influence of the P aco2 was tested in a dif ferent way-first, to present data more complete than those that could be deduced from a correlation test, and, second, because most of the experimental curves of CBF against P aco2 from hypo-to hyper capnia apparently were not straight lines. We there fore evaluated the cerebrovascular responses ob tained in two separate groups under hypercapnic and hypocapnic conditions by calculating the ratio of the rCBF response to stress under these partic- Fig. 2 . Level of significance of the correlation coefficient r: *** p < 0.01; "p < 0.02; 'p < 0.05; NS, not significant. ular conditions to those obtained under normo capnic conditions. The corresponding CO2 sensi tivity was also estimated. The test hypercapnia (P aco2 value 31 % above control) induced a modification of the flow response that varied considerably according to the structure (Fig. 4, columns above the dotted line) . The normal response to stress was increased twofold in the thal amus and 1.5-1.8 times in the cerebellum, the cau date nucleus, the hypothalamus. Surprisingly, no significant change was induced in the cortical areas and the colliculi during the stress reaction.
The test hypocapnia (P aco2 value 17% below con trol) significantly reduced the response down to 0.34-0.6 of the normocapnic value in six of the seven brain structures, whereas no significant change was observed especially in the cerebellum (Fig. 4 , columns below the dotted line).
If we now consider the corresponding CO2 sen sitivity estimated during the stress reaction with the flow values obtained at the three different levels of P aco2' the same heterogeneity of the response within the brain is again evident. Figure 5 shows the mean values of percent change in rCBF during the stress reaction for the three experimental groups. Under hypercapnia two structures were highly responsive (steepest slopes), the thalamus and the cerebellum, and two others very weakly responsive, the cortex and colliculi. Under hypo capnia the values of the slopes varied less, except for the cerebellum. In contrast to the results ob tained in hypercapnia, the steepest slopes here cor responded to the cortex and the colliculi. Thus, in three structures (cortex, colliculi, and cerebellum), we observed opposite extremes of responsiveness between hypo-and hypercapnia.
It may be noticed that if we extrapolate the slopes toward more pronounced hypocapnia (Fig. 5, left) , the flow increases due to the stress reaction would apparently be abolished. This would happen at a Pac02 of 20-26 mm Hg, (i. e. , for a PaCOZ value 23-42% below control) for all the brain structures, with the exception of the cerebellum. The CO2 responsiveness during the stress reac tion apparently ranged from 0.2 to 4.6% flow per mm Hg P aco2 according to the structure considered and the P aCoZ level prevailing during the reaction.
Finally, certain interactions between the two fac tors considered above should be mentioned: (a) In the hypocapnic group, the cases of weak hyperten sion corresponded to weaker flow responses in the caudate nucleus and the cortex in particular, whereas the responses in the cerebellum and the thalamus were little reduced. (b) Conversely, when a strong hypertension occurred in the hypocapnic group (only a few cases), these last two structures exhibited higher responses than in the normocapnic group. However, in the case of the caudate nucleus, the same strong hypertension did not counterbal ance the tendency of hypocapnia to reduce the flow response to stress. (c) With hypercapnia and strong hypertension together, the greatest flow increases were found in the cerebellum, the thalamus, and the cortex. Thus, the influences of these two systemic factors were combined differently according to the brain structure.
DISCUSSION
The present results show that the immobilization stress observed in our curarized rabbits was asso ciated with marked and reproducible blood flow rises in all nine brain structures studied, the in creases ranging from 39 to 82% according to the ** NS R.F.
FIG. 4.
Regional cerebral blood flow re sponse to the stress reaction under hy percapnia or hypocapnia expressed in re lation to the response at normocapnia. The dotted reference line corresponds to the stress response in the normocapnic group (n = 14), the columns above to the hypercapnic group (n = 8), and the col umns below to the hypocapnic group (n = 9) . Abbreviations as in Fig. 2 . Level of significance of the multiple comparison of the means with the normocapnic stress group using Dunnett's procedure (Zar, 1974; Wallenstein et ai. , 1980) : **p < 0.01; *p < 0. 05. structure. It is likely that, under the present con ditions, perfusion through the whole brain reaches a significantly higher level in < 1 min. These flow changes are hardly consistent in size and especially in distribution with the results induced by tactile stimulation alone (Baldy-Moulinier, 1975; Ingvar et aI. , 1976; Sokoloff, 1978; Tsubokawa et aI. , 1980) , and can therefore be ascribed to a general reaction of stress. Our study may be compared with those of Carlsson et ai. (1977) and Ohata et ai. (1981) who, despite using rats in both cases, obtained conflicting results. The magnitude of the response we observed is closer to that found by Carlsson et ai. in the cu rarized rat. It can be calculated from the data in their Ta ble 2 that increases of 42 and 113% occurred in the blood flow 5 and 30 min, respectively, after the withdrawal of nitrous oxide anesthesia. Their flow values were obtained by the xenon-I33 arteriove nous difference technique, so their results concern mainly the cortex and should be compared with our increase for total cortex, i. e. , 80%. A detailed com parison of the flow values is of little interest, how ever, since the two techniques involved and their intrinsic error factors are quite different (Lacombe et aI. , 1980) . In contrast to Carlsson et ai. (1977) , Ohata et ai. (1981) observed moderate decreases in rCBF in the freely breathing rat: After 5 or 15 min of physical immobilization obtained by tying down the four paws, they found, respectively, a 14 or 12% de crease (average over all regions) although the animals were struggling. According to the authors, these blood flow reductions may be explained by the hyperventilation-induced reduction in P aco2 that occurs spontaneously in the stressed rat. To evaluate the corresponding flow values that would prevail in normocapnia, the authors made a calcu lation based mainly on data reported in the litera ture and obtained under resting conditions and var ious anesthesias. They concluded that were the an imals to remain normocapnic, rCBF might increase at most by only 20% above the resting baseline flow.
We have therefore further analyzed the possible effects of systemic factors such as the arterial pres sure and the Paco2 measured in the same specific situation of stress, except that the species used was the rabbit. The advantage of this is that compared with the observations carried out in the rat, the stress reaction of the rabbit shows two particular features, a rapid response and a hypertension, which make the phenomenon readily recognizable.
Influence of arterial pressure
The data reported above provide evidence that in the rabbit, the CBF becomes correlated to the ar terial blood pressure during the response to stress; i. e. , autoregulation is abolished. Similar hyperten sion obtained by baroreceptor deafferentation in an identical preparation of anesthetized rabbits showed that autoregulation was efficient in all the brain regions considered (Lacombe et aI. , 1983) .
Considering first the relation between the flow increases and the arterial pressure increases, the generally good correlation might be interpreted as resulting from a single mechanism that induces si multaneously systemic hypertension and increased cerebral perfusion. The descending sympathetic ac tivation responsible for the systemic hypertension might be accompanied by an ascending activation to the brain tissue (see review by Reis and Doba, 1974) . However, this correlation shows a particular pattern. For instance, the caudate nucleus seems less linked to this factor than the other structures.
If the pressure change is extrapolated to zero by extension of the regression lines (Fig. 3A) , the cor responding residual flow increases represent one third to one-half of the total response actually ob served, depending on the structure. This fraction of the response may therefore not be due to the blood pressure change, in which case a hypothesis of ac tive vasodilation may be considered. It is likely that the pattern of correlation between increases in MABP and flow in the various structures reflects a specific contribution to the local brain activation.
Second, from the relation between the absolute values of blood flow and arterial pressure, it is pos sible to estimate the interdependence of these two variables, i. e. , to what extent the brain tissue per fusion is dysautoregulated during the stress reac tion. The high correlation found for the cortex and the colliculi can be interpreted as an indication that flow in these structures is highly dependent on the arterial pressure. Conversely, flow in the cere bellum and caudate nucleus appears to be indepen dent of this factor.
Thus, although the arterial pressure appears to be an important factor modulating the cerebrovas cular response to stress, it probably accounts for only a part of the response, so that the flow in creases cannot be explained by a mere lack of au toregulation. The wide range of the regression line slopes and intercepts shows that the sensitivity of the flow to this factor varies from one structure to another.
Influence of P aCoZ
As expected, and previously observed in the rat (Ohata et aI. , 1981) , the Paco2 does affect the CBF during stress. However, the question of how much influence this parameter exerts regionally on the brain circulation required a more extensive study. We therefore performed an analysis involving two additional distinct experimental groups of animals.
Our results (Fig. 4) show that a given hypercapnia enhanced up to twofold the vascular response without affecting it in the cortical areas and the col- Vol. 4, No. 3, 1984 liculi, whereas hypocapnia decreased flow in all structures except the cerebellum. These results demonstrate considerable heterogeneity in the in fluence of the Paco2, and explain how strong hy perventilation could effectively mask the stress re sponse, as observed by Ohata et al. (1981) , although this would not be true for all structures.
Furthermore, the pattern of CO2 responsiveness measured under stress appears quite specific, as ev idenced by the dissymmetry of the effects under hyper-or hypocapnia (Fig. 5) . Some structures such as the cortex and colliculi exhibit a high reactivity under hypocapnia and a low one under hypercapnia and conversely for the cerebellum. This apparently variable sensitivity to Paco2 might be related to the corresponding level of local tissue activation pre vailing at the time of measurement. This observa tion raises doubts about the quantification of CO2 responsiveness in animals submitted to more ex treme changes in the respiratory gas mixture, since such changes might well increase the cerebral met abolic activity significantly (Berntman et aI., 1979) , although this question is controversial (Siesj6, 1980) .
Regarding the participation of the systemic fac tors in the cerebrovascul ar response to the stress reaction, we can conclude that neither the hyper tension nor the Paco2 accounts for the entire re sponse observed in the different brain structures. The heterogeneity of the influence of these two fac tors within the brain suggests that distinct mecha nisms are simultaneously involved in the control of local bl ood flow. In fact, the pattern of the rCBF probably results from the combination of several vasoactive influences, especially systemic factors, in addition to the local contribution by the brain activation induced by the stress reaction, thus giving rise to a very specific vascular response. Such specificity has not yet been demonstrated in the rat, so that the possibility of vascular and met abolic disturbance induced by the "slight restraint" of many rat models remains an unresolved problem.
The differing results obtained by Carlsson et al. (1977) and Ohata et al. (1981) require discussion in view of the present results.
First, technological reasons can be suggested to explain the differences in results. The arteriovenous clearance technique of the former study depends acutely on the quality of the venous sampling (La combe et aI. , 1980) . The direct sampling of the brain tissue without rapid freezing (Ohno et aI. , 1979) practiced by Ohata et al. (1981) has been demon strated to significantly attenuate the contrast in the tracer tissue concentration (Lacombe et aI. , 1979) ; moreover, the dissection performed is delicate in the rat brain, leading to poorer reproducibility of results. Ohata et ai. (1981) also suggested that excessive pain would occur in the curarized model, thus in ducing a strong activation in the neuronal pathways of pain such as the frontal lobe, the dorsomedial thalamic nuclei, or the autonomic nervous system. We believe this argument is not applicable to our preparation for the following reasons: First, partic ular care was taken (see Methods) to desensitize the wounds. Second, the most efficient means of eliciting the stress reaction is probably by a non nociceptive stimulus. Indeed, unpublished obser vations obtained in the rabbit using continuous methods of investigation of the cerebral circulation have shown that painful stimuli induce extremely variable and transient changes, inconsistent with the very reproducible stress reaction. Third, the pattern of the rCBF changes (Fig. 2B) does not re veal stronger reactions in the structures including pain pathways. Finally, regarding the contribution of the sympathetic nervous system, we have pre viously reported that, in contrast to its action on vascular tissue elsewhere, the sympathetic influ ence on the cerebral vessels was abolished during the stress reaction, as demonstrated by the unilat eral ablation of the superior cervical ganglion (La combe et aI., 1982) .
One possible explanation of the high flow values found during the stress reaction could be that the hypertension damages the blood-brain barrier (Ra poport, 1976) , consequently allowing direct stimu lation of the cerebral parenchyma by the circulating catecholamines (MacKenzie et aI., 1976; Edvinsson et aI., 1978; Abdul-Rahman et aI., 1979) . This pos sibility can be eliminated in the rabbit, since mea surements of the local uptake of [ 3 H]adrenaline (La combe et aI., 1982) according to the brain uptake index technique (Oldendorf, 1970) showed no in crease during stress. Moreover, thorough studies of the blood -brain barrier in rats submitted to im mobilization stress gave similar results. Ohata et ai. (1982) , by measuring the permeability surface product for [ '4 C]sucrose (Ohno et aI., 1978) , and Belova and Jonsson (1982) , by microscopic local ization of try pan blue fluorescence, observed a blood-brain barrier deficiency only in discrete areas of the brain, other than in the structures normally devoid of this barrier. If circulating catecholamines are involved in the CBF response to stress, the gen eral impermeability of the blood-brain barrier raises the question as to which pathway these amines follow to reach the brain (Carlsson et aI., 1977; Belova and Jonsson, 1982; Lacombe et aI., 1982) .
In conclusion, our results demonstrate the repro ducibility and the specificity of the cerebrovascular effects of the model of immobilization stress we have described in the rabbit. This experimental model presents the following advantages: (a) the curarization, which avoids complication owing to possible struggling of the animal and enables easy control of the respiratory gases; (b) the sponta neous, acute hypertension occurring simulta neously, which makes the phenomenon readily rec ognizable.
It also seems to us a convenient model for studying possible interactions between central and peripheral factors of CBF regulation. A long-term investigation of the model, because it involves ap parent dysautoregulation, may enable investigation of the pathophysiological consequences of repeated hypertensive periods. This probably corresponds to the situation in humans in daily stressful activities, as studied by Bevan et ai. (1969) or, more specifi cally, during recovery after surgery. 
